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Description 

[SHALLOW TRENCH ISOLATION AND 
METHOD OF FORMING THE SAME] 

Background of Invention 
[ooo 1 ] Field of the Invention 

[0002] The present invention relates, in general, to a shallow 

trench isolation and a method of forming the same. More 
particularly, the invention relates to a shallow trench iso- 
lation capable of preventing recess, dislocation, and sili- 
con oxide loss problems, and a method for forming the 
same. 

[0003] Description of the Related Art 

[0004] Generally, a shallow trench isolation (STI) is formed by 

forming a trench in a semiconductor substrate and filling 
a silicon oxide layer into the trench. As the shallow trench 
isolation is scaleable to prevent the bird"s beak encroach- 
ment in the prior technique of the field oxide isolation. It 
is a preferred technique applied to sub-micron fabrication 



process of semiconductors. 

[0005] However, the conventional STI does not have any protec- 
tive layer thereon, and therefore when the conventional 
STI is subjected to an external stress or a thermal effect 
during the subsequent process steps, dislocation prob- 
lems between the STI and the substrate easily occur. 

[0006] Additionally, in conventional methods, recesses are often 
found at the top corner of the STI after the step of remov- 
ing the mask layer. The existence of recesses at the top 
corner of the STI deteriorates the isolating capability of 
the STI and thereby easily causes current leakage. 

[0007] Normally, after an STI is formed, processes of forming ac- 
tive devices are initiated that may include several conven- 
tional photolithography and etching processes. Because 
the conventional STI does not have any protective layer 
thereon, and therefore the STI gets easily damaged in the 
subsequent etching process. Thus, the isolation capability 

of the STI is deteriorated. 
Summary of Invention 

[0008] Accordingly, one objective of the present invention is to 
provide a shallow trench isolation and a method of form- 
ing the same in order to resolve problems due to recess at 
the top corner of the STI as in the case of the conventional 



art and thereby improve the isolating capability of the STI. 

[0009] Another objective of this invention is to provide a shallow 
trench isolation and a method of forming the same to 
prevent dislocation problems even when an external 
stress or a thermal effect acts on the STI. 

[0010] Another objective of this invention is to provide a shallow 
trench isolation and a method of forming the same to 
avoid silicon oxide loss from occuring during the subse- 
quent etching step. 

[0011] jo achieve these and other advantages and in accordance 
with the purpose of the invention, as embodied and 
broadly described herein, this invention provides a shal- 
low trench isolation comprising a substrate, an insulating 
layer and a liner layer. The substrate comprises a trench 
therein, and the insulating layer is disposed in the trench. 
The insulating layer has an upper surface higher than an 
upper surface of the substrate. The liner layer is disposed 
on the insulating layer. In a preferred embodiment, the 
liner layer further extends to the upper surface of the 
substrate. In another preferred embodiment, another in- 
sulating layer further covers the surface of the liner layer. 

[0012] The invention also provides a method of forming a shal- 
low trench isolation. A patterned mask layer is formed on 



a substrate. An etching process is performed using the 
patterned mask layer as a mask to for a trench in the sub- 
strate. A first insulating layer is formed over the patterned 
mask layer filling the trench. Such that a portion of the 
first insulating layer formed over the patterned mask layer 
are removed surrounding the trench remain exposed. 
Then, the exposed portion of the mask is removed using 
the first insulating layer as a mask. A liner layer is formed 
on the first insulating layer and on the remaining portion 
of the patterned mask layer. A second insulating layer is 
formed on the liner layer. A planarization process is per- 
formed to remove a portion of the second insulating layer, 
a portion of the liner layer, and a portion of the first insu- 
lating layer until the remaining portion of the patterned 
mask layer is exposed. Thereafter, the mask layer is re- 
moved for forming a shallow trench isolation. 

[0013] The liner layer formed on the insulating layer serves as a 
protective layer and thereby prevent the dislocation prob- 
lems from occurring even when an external stress or a 
thermal effect acts on the shallow trench isolation. 

[0014] | n addition, the liner layer formed on the insulating layer 
is also capable of protecting the STI from damage during 
the process of removing the patterned mask layer. Hence, 



formation of recesses at a top corner of STI as in the case 
of the conventional art can be avoided. Thus, the isolation 
capability of the STI can be promoted. 

[0015] Moreover, the liner layer covering the insulating layer of 
the STI can serve to protect the insulating layer from 
damage in the subsequent etching process and therefore 
the silicon oxide loss during the etching process can be 
effectively prevented. 

[0016] B 0 th the foregoing general description and the following 
detailed description are exemplary and explanatory only 
and are not restrictive of the invention, as claimed. 

[0017] it i S to be understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 

the invention as claimed. 
Brief Description of Drawings 

[0018] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
following drawings illustrate embodiments of the inven- 
tion and, together with the description, serve to explain 
the principles of the invention. 

[0019] Figure 1 to Figure 10 are schematic cross-sectional views 



showing the process steps of forming a shallow trench 
isolation according to one preferred embodiment of this 
invention. 

[0020] Figure 11 is a schematic cross-sectional view of a shallow 
trench isolation according to another preferred embodi- 
ment of this invention. 

[0021] Figure 12 is a schematic cross-sectional view of a shallow 
trench isolation according to another preferred embodi- 
ment of this invention. 
Detailed Description 

[0022] Reference will now be made in detail to the present pre- 
ferred embodiments of the invention, examples of which 
are illustrated in the accompanying drawings. Wherever 
possible, the same reference numbers are used in the 
drawings and the description to refer to the same or like 
parts. 

[0023] Figure 1 to Figure 10 are schematic cross-sectional views 
showing the process steps of forming a shallow trench 
isolation according to one preferred embodiment of this 
invention. As shown in Figure 1, a pad oxide layer 102, a 
mask layer 104 and a patterned photoresist layer 106 are 
sequentially formed on a substrate 100. In a preferred 
embodiment, a thermal oxidation process is performed to 



form the pad oxide layer 102 is formed. In a preferred 
embodiment, a chemical vapor deposition (CVD) process 
is performed to form the mask layer 104. In a preferred 
embodiment, the process of forming the patterned pho- 
toresist layer 106 includes, for example, performing a 
spin coating process to form a photoresist layer over the 
substrate 100, baking the photoresist layer to harden the 
photoresist layer and then patterning the photoresist layer 
by performing the conventional photolithography and 
etching process to form the patterned photoresist layer 
106. 

[0024] As shown in Figure 2, an etching process is performed us- 
ing the patterned photoresist layer 106 as etching mask 
to form a patterned mask layer 104a and a patterned pad 
oxide layer 102a. As shown in Figure 3, the substrate 100 
is etched using the patterned mask layer 104a as etching 
mask to form a trench 108 in the substrate 100. 

[0025] As shown in Figure 4, a first insulating layer 110 is formed 
over the patterned mask layer 104a and filling the trench 
108 such that a portion of the patterned mask layer 104a 
surrounding the trench 108 remains exposed. In a pre- 
ferred embodiment, the first insulating layer 110 is a sili- 
con oxide layer. In a preferred embodiment, the insulating 



layer 110 is formed by performing a high density plasma 
chemical vapor deposition (HDP-CVD) process. In a pre- 
ferred embodiment, etching rate ratio, the deposition rate 
and the deposition time of the HDP-CVD process for 
forming the first insulating layer 110 are controlled such 
that the first insulation layer 110 is formed over the pat- 
terned mask layer 104a and fill the trench 108, wherein a 
portion of the patterned mask layer 110 surrounding the 
trench 108 remain exposed. For example, the HDP-CVD 
process is performed by charging the chemical recipes 
into the reaction chamber and then the HDP-CVD process 
is stopped before the first insulating layer 110 fills up the 
trench 108. As a result, the first insulating layer 110 can 
be formed in part over the patterned mask layer 104a and 
in part filling the trench 108 such that the first insulating 
layer 110 does not deposit over a portion of the patterned 
mask layer 104a surrounding the trench 108. Thus, a por- 
tion of the patterned mask layer 104a surrounding the 
trench 108 remains exposed. However, the present inven- 
tion is not limited to performing HDP-CVD process for 
forming the first insulating layer 110. Other methods of 
forming the first insulating layer 110 that is capable of 
achieving the above profile can also be utilized. For ex- 



ample, a deposition process in combination with a suit- 
able etching process can also be used to achieve the 
above profile to achieve the purpose of the invention. 

[0026] As shown in Figure 5, an etching process is performed to 
remove the exposed portion of the patterned mask layer 
104a surrounding the trench 108 using the insulting layer 
110 formed on the patterned mask layer 104a as an etch- 
ing mask. As shown in Figure 6, a liner layer 112 is 
formed on the first insulating layer 110 and on the re- 
maining portion of the patterned mask layer 104b. In a 
preferred embodiment, the liner layer 112 is formed by 
performing a chemical vapor deposition (CVD) process. In 
a preferred embodiment, the liner layer 112 has a lower 
etching selectivity relative to the first insulating layer 110. 
In a preferred embodiment, the liner layer 112 is an insu- 
lating layer, such as a silicon nitride layer. Additionally, 
the liner layer 112 has a thickness between 50 angstrom 
to 200 angstrom, for example. 

[0027] As shown in Figure 7, a second insulating layer 114 is 

formed on the liner layer 112. In a preferred embodiment, 
the second insulating layer 114 is formed by performing a 
chemical vapor deposition (CVD) process. The second in- 
sulating layer 114 has a lower etching selectivity relative 



to the liner layer 112. In a preferred embodiment, the 
second insulating layer 114 is a silicon oxide layer. 
[0028] As shown in Figure 8, a planarization process is per- 
formed to remove a portion of the second insulating layer 
114, a portion of the liner layer 112 and a portion of the 
first insulating layer 110 until the remaining patterned 
mask layer 104b is exposed, such that a remaining por- 
tion of the second insulating layer 114a, a remaining por- 
tion of the liner layer 112a and the first insulating layer 
110 in the trench 108 are retained. In a preferred embod- 
iment, the planarization process is, for example, a chemi- 
cal mechanical polishing (CMP) process or an etch-back 
process. 

[0029] As shown in Figure 9, the remaining patterned mask layer 
104b and a portion of the remaining liner layer 112a not 
covered by the remaining second insulating layer 114a 
shown in Figure 8 are removed. The remaining portion of 
the liner layer 112b covering the first insulating layer 110 
is retained, and the remaining portion of the second insu- 
lating layer 114a and the pad oxide layer 102a are re- 
tained and exposed. 

[0030] As shown in FIG. 10, the pad oxide layer 102a not covered 
by the liner layer 112 is removed, and the pad oxide layer 



102b is formed to expose the surface of the substrate 100 
for forming a shallow trench isolation. Especially, in a 
case, the second insulating layer 114a has a material sim- 
ilar to the pad oxide layer 102b that is silicon oxide. The 
second insulating layer 114a maybe loss to form a thinner 
second insulating layer 114b during the step of removing 
the pad oxide layer 102a not covered by the liner layer 
112. 

[0031] | n another embodiment, the second insulating layer 114a 
may be removed completely during the step of removing 
the pad oxide layer 102b. Thus, the liner layer 112b under 
the second insulating layer 114a is exposed, and a shal- 
low trench isolation is formed as shown in FIG. 11. The 
second insulating layer 114a may also be removed in 
other etching processes. The second insulating layer 114a 
is not limited to remove during the step of removing the 
pad oxide layer 102b. 

[0032] FIG. 10 shows a shallow trench isolation fabricated ac- 
cording to said preferred embodiment of the present in- 
vention. The shallow trench isolation comprises a sub- 
strate 100, a liner layer 112b, a first insulating layer 110 
and a second insulating layer 114b. The substrate 100 has 
a trench 108 therein, and the first insulating layer 110 is 



disposed in the trench 108. The first insulating layer 110 
has an upper surface higher than the upper surface of the 
substrate 100. The liner layer 112b is disposed on the 
first insulating layer 110 exposed by the substrate 100, 
and extends to the upper surface of the substrate 100 
form the first insulating layer 110. The second insulating 
layer 114b covers the surface of the liner layer 112b. In a 
preferred embodiment, a pad oxide layer 102c is disposed 
between the substrate 100 and the liner layer 112c. 

[0033] | n another preferred embodiment, the shallow trench iso- 
lation is shown in FIG. 11. The shallow trench isolation is 
similar to the shallow trench isolation of FIG 10, and only 
has a difference at that the liner layer 112b is not covered 
by the second insulating layer 114b. 

[0034] FIG. 12 shows a shallow trench isolation according to an- 
other preferred embodiment of the present invention. As 
shown in Figure 12, the shallow trench isolation com- 
prises a substrate 100, an insulating layer 110 and a liner 
layer 112c. The substrate 100 has a trench 108 therein, 
and the insulating layer 110 is disposed in the trench 108. 
The insulating layer 110 has an upper surface higher than 
the upper surface of the substrate 100. The liner layer 
112c is disposed on the insulating layer 110 exposed by 



the substrate 100, but does not extend to the upper sur- 
face of the substrate 100. In a preferred embodiment, a 
pad oxide layer 102c is disposed between the substrate 
100 and the liner layer 112c. 
[0035] | n the present invention, the liner layer covers the STI. The 
liner layer serves as a protective layer and is capable of 
preventing dislocation problems even when an external 
stress or a thermal effect acts on the shallow trench isola- 
tion. 

[0036] Further, the liner layer covering the STI prevents the ex- 
posure of the STI to reaction conditions of the etching 
process used for removing the patterned mask layer and 
thereby protect the STI from damage. Thus, formation of 
recesses at top corners of the conventional STI can be ef- 
fectively avoided and thereby the isolation capability of 
the STI can be effectively promoted. 

[0037] | n addition, the liner layer covering the STI prevents the 
exposure of the STI to the subsequent etching process 
conditions to effectively protect the insulating layer and 
thereby prevent any silicon oxide loss of the STI. 

[0038] it will be apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 



or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention covers modifications 
and variations of this invention provided they fall within 
the scope of the following claims and their equivalents. 



